BACKGROUND: Many methods are available to determine energy requirements, however, all have limitations, particularly when used for the obese. OBJECTIVES: The aim of this survey was to investigate current practice in the estimation of energy requirements in an underweight and obese hospitalised patient in a large cohort of UK dietitians. SUBJECT/METHODS: A cross-sectional anonymous online survey of UK registered dietitians was performed. RESULTS: A total of 672 responses were received. Underweight patient: prediction equations with adjustment for metabolic stress and physical activity were most commonly used (90%). The median estimated energy requirement was 2079 kcals/day. The estimated energy requirement using calorie per kilogram method was significantly lower compared with equations (Po0.001). The median target volume of feed prescribed was 2000 mls/day. A significant reduction in feed prescribed compared with estimated energy requirements was found (Po0.001). Obese patient: prediction equations to estimate the basal metabolic rate alone were most commonly used (51%). Nutrition support dietitians used a lower stress factor compared with non-nutrition support dietitians (P ¼ 0.016). Method used to estimate the energy requirements was associated with years in clinical practice and place of work (Po0.001, 0.001). Calorie per kilogram used in the obese case study (median: 25 kcal/kg) was significantly lower than calorie per kilogram used in the underweight case study (median: 30 kcal/kg; P ¼ 0.014). CONCLUSIONS: A significant variation in the methods used by dietitians to estimate the energy requirements was found, particularly in the obese patient group. In an age of rapidly increasing rates of obesity a professional consensus of treatment of this patient group is needed.
INTRODUCTION
Malnutrition in hospitalised patients is common, 1 even in the obese, 2 and is associated with high rates of morbidity and mortality. 3 Nutritional assessment and formulation of an appropriate nutrition care plan are essential in the treatment of hospitalised patients to prevent and treat the malnourished state 4 and optimise clinical outcome. An integral part of this is the estimation of energy requirements. 5 Accurate estimation of the energy requirements in hospitalised patients is essential to avoid the negative consequences associated with over or under-feeding. 6, 7 Chronically, errors in the estimation of energy requirements can lead to significant weight loss or gain, resulting in increased morbidity and reduced response to treatment. 8 The assessment of energy requirements in obese patients is particularly problematic and controversial 2,8 --11 and given the rising prevalence of obesity it is likely that this is going to become an area of increasing focus to nutrition support practitioners. 2, 10 Health care professionals rely on practical alternatives to the gold standard methods of direct calorimetry and doubly labelled water for assessing energy requirements in the clinical setting. 3 Prediction equations, such as the Harris-Benedict 12 and Schofield equations, 13 and the use of formulae based on body weight are commonly used methods, which are practical, inexpensive and easy to use but are not without limitations 14 and issues regarding their accuracy. 5, 6, 8, 15, 16 Their accuracy is particularly questioned with regard to assessing the requirements of obese patients, 17 with some studies suggesting that a fixed kcal/kg factor should be avoided particularly in underweight and obese adults. 18 Clinical guidelines such as those published by the National Institute for Clinical Excellence 19 and the Parenteral and Enteral Nutrition Group 20 are available to aid healthcare professionals in prescribing nutritional support. However, they do not provide prescriptive guidance on estimating energy requirements in different patient groups. The aim of this survey was to investigate the current practice of a large cohort of UK dietitians in the estimation of energy requirements and the clinical application of these estimations, with a specific focus on the practice relating to assessment of hospitalised underweight and obese patients.
SUBJECTS AND METHODS
A cross-sectional anonymous online survey of UK Registered Dietitians was performed. The survey was approved and conducted in accordance with the ethical standards of the Kings College London Research and Ethics Committee (ref: BDM/09/10-62).
Recruitment of sample
An opportunistic sample of UK dietitians was recruited by sending an introductory e-mail, along with a link to the survey, to National Health Services e-mail addresses (contact details openly available on the National Health Services Trust websites). Participants were encouraged to distribute the survey among their colleagues to maximise response. Additionally, a link to the survey was disseminated to members of the British Dietetic Association via an online newsletter.
Survey design
The survey was developed specifically for this project by dietitians with experience in nutrition support. It was designed and accessed using an online survey tool ('SurveyMonkey'; Portland, OR, USA). The survey consisted of closed questions with multiple choice, Yes/No or open-ended answer options (survey available on request from the authors).
The survey was divided into themed sections: (a) demographic and professional information; (b) estimation of energy requirements using two theoretical case scenarios adapted from the Parenteral and Enteral Nutrition Group Pocket Guide to Clinical Nutrition; 20 (c) influences upon practice and factors considered when using prediction equations.
Case scenarios: A 59-year-old man (a) underweight patient: weight 58 kg, body mass index: 18 and (b) an obese patient: weight 87 kg, body mass index: 32 is 2 days post-large bowel resection. He is on a ward and has started to mobilise. He is apyrexial but has a raised C-reactive protein.
Other
A small sample of dietitians (n ¼ 50) piloted the survey to check comprehension, structure and accessibility. Minor changes were made accordingly before the survey was distributed nationally. The survey took B15 min to complete and was conducted over a 4-week period in June 2010. No personal identifiable data were collected to ensure participant anonymity.
Statistical analyses
Data analyses were performed using SPSS version 18.0. for Windows (SPSS Inc., Chicago, IL, USA). Partially completed surveys were used in the descriptive analyses; only matched cases were used for w 2 tests for independence, Kruskal --Wallis and Mann --Whitney U-tests. Categorical data are reported as counts and percentages of responses received for that question; continuous data are reported as means ± s.d. or median, range and interquartile range (IQR). Tests of normality were performed using the Kolmogorov --Smirnov test.
Pearson's w 2 -test of independence was performed to examine associations between respondent characteristics with method used to estimate the energy requirements and the weight the respondent based their calculations on. Kruskal --Wallis test and Mann --Whitney U-tests were performed to examine differences between: different methods used to estimate the energy requirements and estimated energy requirement; respondent characteristics and stress factors used, activity/dietary-induced thermogenesis (DIT) factors used, kcal/kg used and estimated energy requirements. Wilcoxon's signed rank tests were performed to investigate differences between: stress factors, activity/DIT factors and kcal/kg used between the case studies and to investigate differences between estimated energy requirements and feed prescribed. Friedman testing was performed to test for statistical differences in how frequently respondents use different methods to estimate the energy requirements. Pp0.05 was considered statistically significant.
RESULTS

Demographic details
A total of 672 registered dietitians responded to the survey, 187 (28%) responses were partially completed. The majority of respondents (92%, n ¼ 618) trained in the United Kingdom, Table 1 .
Respondents usual practice
The methods used to estimate the energy requirements are shown in Figure 1 . Prediction equations were used most frequently followed by kcal/kg; indirect calorimetry was ranked the least frequently used method. A total of 18% (n ¼ 113) of respondents reported that they often use multiple methods to estimate energy requirements, 42% (n ¼ 273) sometimes do and 40% (n ¼ 260) rarely or never do. Respondents who work in the acute setting were more likely to use multiple methods to estimate energy requirements (P ¼ 0.015). Six percent (n ¼ 16) of those that had been in practice for o5 years said they do not use equations to estimate the energy requirements versus 14% (n ¼ 35) of those that had been in clinical practice for 410 years (P ¼ 0.01). Senior respondents (band 7 and above) used the kcal/kg method more than the other bands (P ¼ 0.008). There was no significant association between which methods respondents use in usual practice and whether they specialised in nutrition support or not.
Case studies
The methods respondents used to estimate the energy requirements in both case studies are shown in Table 2 .
Case study 1---uncomplicated post-surgery patient, underweight body mass index. In the underweight case study, the use of prediction equations with adjustment for metabolic stress and physical activity/DIT was the most commonly used method (88%, n ¼ 465), with 98% of these respondents using Schofield's equations. The median stress factor was 10% (range: 5 --35; IQR: 10, 20; mode: 10 used by 51% (n ¼ 227) of respondents). Overall, 95% (n ¼ 507) who used equations adjusted for activity/DIT, the median activity/ DIT factor used was 20% (range: 5 --30; IQR: 15, 25; mode: 25 used by 38% (n ¼ 178) of respondents). Kcal/kg of body weight was used by 6% (n ¼ 37) of respondents, the median response was 30 kcal/kg (range: 20 --40; IQR: 25, 35; mode: 35 used by 32% (n ¼ 9) respondents). Almost three quarters of respondents (74%, n ¼ 417) said they would not adjust further for weight gain or loss. The median estimated energy requirement for case study 1 was 2079 kcals/day (range: 580 --2958; IQR: 1940, 2220; mode ¼ 2079 used by 13% (n ¼ 65) respondents). None of the respondents gave a range of estimated energy requirements. Three respondents gave energy requirements below 1000 kcal/day (580, 580 and 600), and deemed this patient potentially at risk of refeeding syndrome. The median estimated energy requirement using kcal/ kg method (1800 kcals, range: 580 --2579) was significantly lower than the median estimated energy requirement using equations and adjusting for metabolic stress and activity/DIT (2079 kcals, range: 580 --2958, Po0.001).
The median target volume of feed prescribed was 2000 mls/day (range: 580 --3000; IQR: 2000, 2000; mode ¼ 2000 used by 57% (n ¼ 281) respondents), which was significantly lower than estimated energy requirements (Po0.001). A total of 10% (n ¼ 48) of respondents prescribed the exact amount of feed that they had estimated in their energy requirements. The difference between the estimated energy requirement and target volume of feed prescribed are shown in Figure 2 .
Case study 2---uncomplicated post-surgery patient, obese body mass index. In the obese case study, the use of prediction equations to estimate basal metabolic rate (BMR) alone was the most commonly used method (51%). Prediction equations and adjusting for metabolic stress and activity/DIT was used by 44% of respondents. The Schofield equations were most commonly used (98%). Of those who used equations to calculate the energy requirements 63% (n ¼ 138) adjusted for metabolic stress, the median stress factor used was 10% (range: 5 --30; IQR: 10, 20; mode: 10 used by 43.2% (n ¼ 48) respondents). In all, 66% (n ¼ 142) adjusted for activity/DIT, the median activity/DIT factor used was 20% (range: 5 --30; IQR: 15, 25; mode: 20 and 25 used by 31% of respondents (n ¼ 36) on each). Both a stress factor and an activity/DIT factor were used by 54% (n ¼ 115) of respondents. Kcal/kg of body weight was used by 5% (n ¼ 26) of respondents, the median response was 25 kcal/kg (range: 19 --40; IQR: 20, 30; mode: 25 used by 29% (n ¼ 8) respondents). In all, 85% (n ¼ 393) said they would not adjust further for weight gain or loss. Figure 2 . Percentage difference between feed prescribed (mls) and energy calculated (kcals) in the non-obese case study.
In the obese case study, 83% (n ¼ 410) used actual body weight (ABW) for their calculations, 10% (n ¼ 50) used adjusted body weight (that is, ABW Â 0.25 þ ideal body weight 21 ) and 7% (n ¼ 37) said they used adjusted body weight but another method. The decision to use ABW or adjusted body weight was not related to specialising in nutrition support, job band or time in clinical practice.
Variations in practice
In the obese case study, dietitians specialising in nutrition support used a significantly lower stress factor when compared with other specialities (10±6.3 versus 14±6.1%, P ¼ 0.016); this difference was not found in the underweight case study. There were no other significant differences (energy estimation method, activity/DIT factors, estimated energy requirements and target volume of feed prescribed) between nutrition support dietitians and non-nutrition support dietitians.
Method used to estimate energy requirements in the obese case study was associated with years in clinical practice: 36% (n ¼ 62) of those in clinical practice for 410 years used BMR alone compared with 60% (n ¼ 129) of those in clinical practice o5 years (Po0.001). Furthermore, in the obese case study those who work in acute care were more likely to use BMR alone compared with those in primary care/community (P ¼ 0.001). These associations were not found in the underweight case study.
The kcal/kg prescription used in the obese case study (median 25 kcal/kg; range: 19 --40; IQR: 20, 30) was significantly lower than that used in the underweight case study (median 30 kcal/kg, range: 20 --40; IQR: 25, 35; P ¼ .014). Of the respondents who used prediction equation methods there were no significant differences found in stress factor or activity/DIT used between the case studies. Furthermore, no significant associations between stress factor, activity/DIT factor or kcal/kg used in either of the case studies and years in clinical practice, job band or if the respondent worked in acute care and primary care were found.
A significant difference between place of work and whether the respondent would adjust for weight gain or loss was found in the underweight (Po0.001) and obese (P ¼ 0.006) cases: those in primary care/community were more likely to make an adjustment for this than those in acute care. In the underweight case study, the place of work was significantly associated with estimated energy requirements (P ¼ 0.002) and amount of feed prescribed (P ¼ 0.004): those that work in primary care/community estimated higher energy requirements and prescribed higher amounts of feed than those that work in acute care.
DISCUSSION
In this large survey of UK dietetic practice, we have shown that the majority of respondents use the Schofield equations for the estimation of energy requirements in clinical practice. We have recognised distinct differences in the ways in which these equations are applied in assessing the requirements of underweight patients compared with obese patients. When energy is estimated using formulae based on body weight, a significantly lower energy per kilogram of body weight is used for obese patients than for underweight patients. There is evidence of distinct differences in the practice of estimating energy requirements based on career duration, specialising in nutrition support and working in the acute setting versus the community setting.
Under-or over-feeding in acutely ill obese patients are considered particularly detrimental. 9, 11 It is reported that high values are yielded when prediction equations are applied to obese patients and that they become increasingly unreliable as the degree of obesity rises, 10 which could result in inappropriate nutrition regimens being provided. 9 There has been limited investigation of the use of prediction equations in the acutely ill obese patient. 9, 10, 22 This study suggests that knowledge of these concerns is widespread and influences the practice of estimating energy requirements for obese patients, as respondents most frequently estimated energy requirements on the calculation of BMR alone, choosing not to factor for DIT and physical activity. It is interesting that recently trained practitioners were more likely to estimate on BMR alone than more experienced practitioners who were more likely to factor for DIT and physical activity in addition to BMR. An expert panel review 5 advised that the Mifflin equation 23 be used for overweight and obese subjects, however, no respondents in this study reported that they would use this equation in the obese case study.
When using prediction equations for the obese, the majority of respondents used ABW as a basis for their calculations. It has been reported that in obese cases this can significantly overestimate energy requirements, 6, 11, 24 which may have resulted in a large number of respondents overestimating the energy requirements of the patient. The result of this survey is higher than that found in an Australian survey 7 who found that 55% of respondents used ABW. Breen et al. 2 reported that adjusted body weight is the most commonly used approach in obese patients, which is not consistent with the results of this survey.
Only a small proportion of respondents in this survey used formulae based on body weight for the calculation of energy requirements, however, the findings are in complete accordance with previous studies 7 showing that this method results in significantly lower energy estimations than prediction equations. Studies do report that predicted BMR using the kcal/kg method tend to underestimate true requirements. 15, 25 The impact of this on patient outcomes warrants investigation.
When utilising energy estimations to prescribe enteral feeding there was strong evidence of 'feeding to the nearest bag' with feed prescriptions tending to cluster around the 500 ml increment point and a significant reduction in feed prescribed compared with estimated energy requirements. This poses the question that if clinicians are feeding to the 'nearest bag' and the ordered amount is not delivered 26 then is it good practice to spend time calculating an individual's estimated requirements or could a number of 'standard' regimens along with careful monitoring of feed administration and weight/biomedical markers suffice. 14 The application of 'stress factors' was remarkably consistent between the underweight and obese case study, however, nutrition support specialists used a lower stress factor for the obese case study, suggesting these practitioners are more aware of the implications of over-feeding an obese patient and therefore are more cautious in their energy estimations. Previous surveys have shown variability in the assignment of stress factors, however, none have investigated the assignment of stress factors to obese patients versus underweight patients. 7, 27 The limitations of this study must be acknowledged. First, it is difficult to capture clinical reasoning when conducting on-line surveys. Additionally, data presented are on reported practice not actual practice. Owing to the survey distribution method a response rate cannot be calculated and nor can non-responding analysis be performed. Furthermore, surveys of this sort are selfselecting and therefore sample bias may exist. A large number of surveys were only partially completed (28%), which may have been due to the length of the survey or because there were only a limited number of answer options available as the survey was conducted online. Partially completed surveys may have been reduced if the survey was conducted using interviews, however, it would have been difficult to obtain the large sample size.
CONCLUSION
The estimation of energy requirements is an integral part of dietetic practice and often the starting point for prescribing nutrition support. However, the results of this survey suggest that awareness of and dietetic practice in this area is highly variable, particularly in the obese patient group. These large variations in current practice must lead us to question whether dietitians are practising evidenced-based dietetics when estimating energy requirements. The effect that these variations in practice have upon patient outcome is unknown and warrants further research. It would also be of interest to examine the extent of variability in practice when treating the morbidly obese. It is felt that in an age of rapidly increasing rates of malnutrition and obesity a professional consensus of treatment of these patient groups is needed.
